Insects are common vectors of yeasts in nature. Diverse yeast species inhabit insects and their related substrates, particularly in the insect gut (Jindamorakot et al., 2007; Lachance et al., 2005; Nguyen et al., 2006 Nguyen et al., , 2007 Suh et al., 2004 Suh et al., , 2006 Suh et al., , 2008 Suh et al., , 2013 . Yeast isolations from insect gut have led to the discovery of numerous novel yeast species (Urbina et al., 2013) . However, the diversity of gut-inhabiting yeasts remains understudied. The discovery of new yeast species in the insect gut is important to better understand their taxonomy and phylogenetic relationships among members of the Saccharomycotina.
The Lodderomyces clade is a member of the family Debaryomycetaceae and is a monophyletic group closely related to the Spathaspora and Scheffersomyces clades (Daniel et al., 2014; Kurtzman, 2011) . In the fifth edition of The Yeasts, A Taxonomic Study, the teleomorphic species Lodderomyces elongisporus, which produces one or rarely two ellipsoidal to elongate ascospores, and 17 Candida species are placed in the Lodderomyces clade (Kurtzman, 2011) . The number of species belonging to the Lodderomyces clade has increased rapidly in recent years. Several Candida species in the Lodderomyces clade have been described, including Candida blackwelliae, Candida chauliodes, Candida corydalis, Candida jiufengensis, Candida morakotiae, Candida oxycetoniae, Candida pseudojiufengensis, Candida sakaeoensis, Candida sanyaensisa, Candida saraburiensis, Candida theae and Candida verbasci (Chang et al., 2012; Hui et al., 2013; Ji et al., 2009; Limtong et al., 2012; Nakase et al., 2009; Nguyen et al., 2007; Nitiyon et al., 2011; Sipiczki, 2013) . Two ascosporic species associated with beetles from Central China were recently identified as Candida baotianmanensis and Candida pseudoviswanathii (Ren et al., 2015) . Meanwhile, the new genus Nematodospora in the Lodderomyces clade was proposed by Gouliamova et al. (2016) to accommodate the single species Nematodospora valgi, which had one coiled ascospore.
The clade currently includes 33 known species, and among them are the major human pathogens Candida albicans, Candida dubliniensis, Candida parapsilosis, Candida metapsilosis, Candida orthopsilosis and Candida tropicalis (Daniel et al., 2014; Gouliamova et al., 2016; Lachance et al., 2011; Ren et al., 2015) . Although members of the clade were isolated from various sources, many of these species, such as (Ji et al., 2009; Lachance et al., 2011; Nguyen et al., 2007; Suh et al., 2008) .
During a biodiversity survey of yeasts associated with insects in Central China's natural ecosystems, we isolated 116 strains representing approximately 25 taxa. Among them, five novel species were found. In this study, we propose five novel yeast species belonging to the Lodderomyces clade based on molecular and other taxonomic characteristics. We also discuss the ecology of yeasts associated with phytophagous beetles.
Host insects were collected from several localities in Henan Province, Central China, using light traps or by directly extracting them from their habitats, such as trunks and rotten wood (Table 1 ). The methods used to isolate the yeasts from the gut of insects have been described previously (Nguyen et al., 2007; Suh et al., 2008) . The insects were placed in Petri dishes for 1-3 days without food prior to dissection, which helps eliminate some contaminating organisms that may be isolated from the gut. Surface disinfection was performed by submersion in 95 % ethanol for 1-2 min. The alcohol wash was followed by a 0.7 % saline rinse. The insect gut was removed aseptically under a dissecting microscope. The gut segments were streaked on acidified yeast extract-malt extract (YM) agar (0.3 % yeast extract, 0.3 % malt extract, 0.5 % peptone, 1 % glucose, 2 % plain agar; adjusted to pH 3.5 with HCl) plates and incubated at 25 C for 3-4 days. The different yeast morphotypes were purified at least twice and stored on YM agar slants at 4 C and in 15 % glycerol at À80 C. Selected strains used for further study are listed in Table 1 .
The yeast isolates were characterized by standard procedures described by Kurtzman et al. (2011) . All tests were performed by replica plating on solid and in liquid media, and the results were read after 5 and 21 days of incubation. Ascosporulation was investigated by inoculating the yeast strains on YM agar, 5 % malt extract agar, corn meal agar and yeast carbon base supplemented with 0.01 % ammonium sulphate (YCBAS) agar (1.1 % yeast carbon base, 0.01 % ammonium sulphate and 1.8 % agar) in pure and mixed cultures at 17 and 25 C for up to 4 weeks.
Genomic DNA was extracted using a Ezup Column Yeast Genomic DNA Purification Kit according to the manufacturer's protocol (Sangon Biotech). The D1/D2 domains of the LSU rRNA gene and internal transcribed spacer (ITS) regions were amplified by PCR and sequenced using primers NL1 and NL4 (Kurtzman & Robnett, 1998) and ITS1 and ITS4 (White et al., 1990) , respectively. Each 50 µl of PCR mixture included 21 µl of PCR-grade water, 1 µl of DNA template, 1.5 µM of each primer and 1 µl of PCR Master Mix (2Â) (0.05 µl À1 Taq DNA polymerase, reaction buffer, 4 mM MgCl 2 , 0.4 mM of each dNTP; Sangon Biotech). PCRs were carried out in an S1000 thermal cycler (Bio-Rad Laboratories). The amplified products were purified with a QIAquick purification kit (Sangon Biotech) according to the manufacturer's instructions. Sangon Biotech performed direct sequencing of the purified LSU rRNA and ITS PCR products using primers NL1 and NL4 and ITS1 and ITS4 with a Taq DyeDeoxy terminator cycle sequencing kit (Applied Biosystems) according to the manufacturer's protocol. Purified sequencing reaction mixtures were separated with a 3730XL automated DNA analyser (Applied Biosystems). The program BLAST (Altschul et al., 1997) from the National Centre of Biotechnology Information was used to compare the sequences from the LSU rRNA and ITS regions with available data present in GenBank (ncbi.nlm.nih.gov) for assignment of the closest related taxa. The sequences were aligned using CLUSTAL X version 1.81 (Thompson et al., 1997) . A phylogenetic tree was reconstructed based on the combined sequence of the LSU rRNA and ITS regions with MEGA software version 5.0 (Tamura et al., 2011) . The evolutionary distance data were calculated using Kimura's twoparameter model (Kimura, 1980) in the neighbour-joining analyses. Saccharomyces cerevisiae NRRL Y-12632 T was used as the outgroup in this analysis. Confidence limits were estimated from bootstrap analysis (1000 replicates) (Felsenstein, 1985) , and only values above 50 % were recorded on the resulting trees. Sequences from this study and reference sequences obtained from GenBank are listed in Table S1 (available in the online Supplementary Material) and Fig Table 1 ). The strains in each group, which possessed identical sequences in both LSU rRNA and ITS regions, were easily distinguished from each other and from previously described species based on DNA sequence comparisons.
The combined sequences of the LSU rRNA and ITS regions were used in the phylogenetic analysis. The neighbour-joining analysis showed that the Lodderomyces clade is not monophyletic, but includes several distinct clades, which may become representatives of several genera. The five groups represent five distinct taxa located in a clade together with L. elongisporus, N. valgi and other related Candida species supported by a strong bootstrap value (Fig. 1) . The phylogenetic position of the five novel species with described species in the clade was also confirmed by maximum-parsimony and minimum-evolution analyses (data not shown).
The NYNU 15764
T group is related to L. elongisporus and C. oxycetoniae in a distinct and well-supported lineage. The group represents a novel yeast species different from its closest described species L. elongisporus by 4.8 % sequence divergence (18 substitutions and 10 gaps) in the LSU rRNA and by 12.8 % sequence divergence (22 substitutions and 29 gaps) in the ITS regions.
The NYNU 15857
T group was assigned in a lineage with C. parapsilosis, C. orthopsilosis, C. theae, C. metapsilosis and Candida hyderabadensis based on the combined LSU rRNA and ITS sequences (Fig. 1) . Although the individual branches were not well supported by bootstrapping, the group represents a novel species closely related to C. parapsilosis. The smallest degree of sequence divergence observed for this novel species showed only four substitutions from C. parapsilosis in the LSU rRNA. However, more than 8.2 % sequence divergence (16 substitutions and 24 gaps) between the two sister species was found in the ITS regions.
The remaining three groups formed a well-supported lineage with C. chauliodes, C. sakaeoensis, C. corydalis, C. morakotiae and C. verbasci. The NYNU 1488
T group was closely related to C. sakaeoensis. They differed from each other by 1.2 % sequence divergence (seven substitutions) in the LSU rRNA and by 5.7 % sequence divergence (24 substitutions and four gaps) in the ITS regions. The NYNU 14959
T group was phylogenetically related to C. chauliodes. The sequences of the two taxa differed from each other by three substitutions in the LSU rRNA and by 6.7 % sequence divergence (20 substitutions and 10 gaps) in the ITS regions. The NYNU 1582
T group was most similar to C. corydalis, differing by 1.6 % sequence divergence (seven substitutions and two gaps) in the LSU rRNA and by 9.2 % sequence divergence (26 substitutions and 20 gaps) in the ITS regions; however, these were not grouped together in the phylogenetic tree. The phylogenetic position of the NYNU 1582 T group within this lineage was unclear.
Five undescribed species of the Lodderomyces clade were also recognized by morphological and physiological tests ( Table 2 ). The first group produced unconjugated asci with a single ellipsoidal to elongate ascospore, and the other four groups no longer produced a teleomorphic stage on various sporulation media. The NYNU 15764 T group differed from L. elongisporus, noticeably in the assimilation reactions of carbon compounds D-glucosamine, D-xylose, inulin and DLlactate, and of the nitrogen compound glucosamine (Table 2 ). In agreement with their phylogenetic relationship, the NYNU 15857 T group was phenotypically similar to C. parapsilosis. They differed only slightly in the assimilation reactions of inulin, galactitol, 5-keto-D-gluconate and D-tryptophan (Table 2 ). The NYNU 1488 T group differed from C. sakaeoensis in the fermentation reactions of galactose, sucrose and trehalose, and the assimilation reactions of D-xylose, sucrose, maltose, melibiose, raffinose, melezitose and 5-keto-D-gluconate, as well as growth tests in 0.01 % cycloheximide and at 37 C ( Table 2 ). The NYNU 14959
T group differed from their closest relative C. chauliodes in the assimilation reactions of several carbon and nitrogen compounds, including sucrose, maltose, methyl a-Dglucoside, melezitose, inulin, citrate and D-tryptophan. They also differed in the fermentation ability of sucrose and trehalose ( Table 2) . As mentioned above, the NYNU 1582 T group was most similar to C. corydalis. However, they differed remarkably in fermentation reactions of galactose and sucrose and 22 assimilation reactions of carbon and nitrogen compounds and other growth tests ( Table 2 ).
The taxonomic characteristics and molecular phylogeny of the first group correspond well to those of the genus Lodderomyces, while the remaining four groups showed close relationships to the species near C. parapsilosis, C. sakaeoensis, C. chauliodes and C. corydalis (Fig. 1) (Nguyen et al., 2007; Kurtzman, 2011; Lachance et al., 2011; Limtong et al., 2012; Gouliamova et al., 2016) . Therefore, we propose Kurtzman (2011) . †Data from Lachance et al. (2011) . ‡Data from Limtong et al. (2012) . §Data from Nguyen et al. (2007) .
Five novel Lodderomyces clade species
Lodderomyces beijingensis sp. nov., Candida margitis sp. nov., Candida xiaguanensis sp. nov., Candida parachauliodis sp. nov. and Candida coleopterorum sp. nov. to accommodate the yeasts belonging to these five groups.
All the five novel species in this study were isolated from the gut of insects closely associated with plant materials during their life cycles. For example, phytophagous adult Rutelidae beetles and other insects studied here are often found on the foliage of trees and bushes. Their larvae live in rotten wood or in loose, wet and organic-rich soil where they may devour rhizome or root cortex. L. beijingensis was found in four individuals of the beetle A. sierersi (Rutelidae) collected from three different localities. C. coleopterorum was repeatedly isolated from the same insect species, A. heydeni (Rutelidae), collected on two different mountains. C. xiaguanensis was isolated from three samples of two different insect species. Two strains of C. xiaguanensis were found from A. heydeni (Rutelidae) and another strain from A. corpulenta (Rutelidae). C. margitis was isolated from two samples of M. fulvidus, whereas its sister species, C. parapsilosis, was frequently recovered from the beetles Verres hageni (Passalidae) and Ptichopus angulatus (Passalidae) in Panama (Suh et al., 2008) . Among the novel species in this study, C. parachauliodis was only isolated from the gut of an individual beetle (Table 1) . However, C. parachauliodis was clustered in a separate branch (99 % boostrap support) comprising the insect-associated yeasts C. bohiensis/C. corydalis/C. chauliodes. The three latter yeast species were isolated from insects collected in Panama and the USA (Nguyen et al., 2007; Suh et al., 2008) . The clustering of the yeast species from the gut of phytophagous insects collected in Central China, south-eastern USA and Panama (Nguyen et al., 2007; Suh et al., 2008) in the same clade ( Fig. 1) supports the correlation of yeasts with their insect hosts, as observed previously (Gouliamova et al., 2016; Ji et al., 2009; Nguyen et al., 2007; Ren et al., 2015; Suh et al., 2008) .
Biodiversity studies performed in northern China demonstrated that yeasts belonging to the Lodderomyces clade also occur in the gut of insects of the order Coleoptera (Ji et al., 2009) . These species include C. blackwelliae from the beetle Trichius succinctus (Cetoniinae), as well as C. jiufengensis, C. pseudojiufengensis and C. oxycetoniae from the beetle Oxycetonia jucunda (Cetoniinae) (Ji et al., 2009) . During another survey conducted in Central China, two new insect-associated yeast species belonging to the Lodderomyces clade were isolated, namely C. baotianmanensis from the beetle Nitidula carnaria (Lucanidae) and C. pseudoviswanathii from the beetle Dorcus curviden (Lucanidae) (Ren et al., 2015) . Considering the number of species from the Lodderomyces clade found in other countries and the small number of studies on species of this clade found in China, the discovery of five novel yeast species suggests that many other species in the same clade remain to be discovered in this area.
Description of Lodderomyces beijingensis Hui and Liu sp. nov.
Lodderomyces beijingensis (bei.jing.en¢sis. N.L. masc. adj. beijingensis of or belonging to the city of Beijing, China, the location of the CICC, where the type strain is preserved).
In YM broth after 3 days at 25 C, cells are spherical or ovoid (4.5-11.5Â4.5-12 µm) and occur singly or in pairs (Fig. 2a) . Budding is multilateral. After 1 month at 25 C, a delicate ring may be formed and sediment is present. On YM agar after 7 days at 25 C, colonies are white to creamcoloured, butyrous and smooth with an entire margin. In Dalmau plate culture on corn meal agar after 12 days at 25 C, pseudohyphae are present but no true hyphae are observed (Fig. 2b) . Sporulation occurs on corn meal and YCBAS agars at 25 C after 12 days. Unconjugated asci are formed from single cells with one ellipsoidal to elongate ascospore (Fig. 2c) . Asci are persistent. See Table 2 of the type strain are KU128709 and KU128720 (ITS and D1/D2 region of LSU rRNA, respectively). The MycoBank number is MB 815582.
Description of Candida margitis Hui and Liu sp. nov.
Candida margitis (mar.gi¢tis. N.L. gen. n. margitis of the host beetle, Margites fulvidus, from which the type strain was isolated).
In YM broth after 3 days at 25 C, cells are spherical or ovoid (2-6.5Â2.5-7.5 µm) and occur singly or in pairs (Fig. 3a) . Budding is multilateral. Sediment is formed after 1 month, but a pellicle is not observed. On YM agar after 7 days at 25 C, colonies are white to cream-coloured, butyrous and smooth with an entire margin. In Dalmau plate culture on corn meal agar after 12 days at 25 C, pseudohyphae are present but no true hyphae are observed (Fig. 3b) . No asci or signs of conjugation appear after growth on the most common sporulation media, alone or mixed in pairs, at 17 and 25 C for 4 weeks. See Table 2 for a summary of the physiological characteristics. Candida xiaguanensis (xia.guan.en¢sis. N.L. fem. adj. xiaguanensis of or belonging to the town of Xiguan, Henan Province, China, the collection locality of the type strain).
In YM broth after 3 days at 25 C, cells are subglobose to ovoid (2.5-5Â2.5-6 µm) and occur singly or in pairs (Fig. 3c) . Budding is multilateral. After 1 month at 25 C, a delicate ring may be formed and sediment is present. On YM agar after 7 days at 25 C, colonies are off-white, butyrous and smooth with an entire margin. In Dalmau plate culture on corn meal agar after 12 days at 25 C, pseudohyphae are present but no true hyphae are observed (Fig. 3d) . No asci or signs of conjugation appear after growth on the most common sporulation media at 17 and 25 C for 4 weeks. See Table 2 In YM broth after 3 days at 25 C, cells are ovoid (2.5-5.5Â2.5-6.5 µm) and occur singly or in pairs (Fig. 2e) . Budding is multilateral. After 1 month at 25 C, a delicate ring may be formed and sediment is present. On YM agar after 7 days at 25 C, colonies are off-white, butyrous and smooth with an entire margin. In Dalmau plate culture on corn meal agar after 12 days at 25 C, septate hyphae and pseudohyphae are present (Fig. 3f) . No asci or signs of conjugation appear after growth on the most common sporulation media, alone or mixed in pairs, at 17 and 25 C for 4 weeks. See Table 2 for a summary of the physiological characteristics.
The type strain is CBS 13928 T (=CICC 33058 T =NYNU 14959 T ), isolated from beetle larva collected in Baotianman Mountain, Henan Province, China (33 27¢ N 111 48¢ E), September 2014. The strain has been deposited in the CBS and in the CICC. The GenBank/EMBL/DDBJ accession numbers for the DNA barcode sequences of the type strain are KP054272 and KP054271 (ITS and D1/D2 region of LSU rRNA, respectively). The MycoBank number is MB 815586.
Description of Candida coleopterorum Hui and Liu sp. nov.
Candida coleopterorum (co.le.op.te.ro¢rum. N.L. pl. gen. n. coleopterorum 'of Coleoptera', refering to the order of the host beetles, Anomala heydeni, from which the the type strain was isolated).
In YM broth after 3 days at 25 C, cells are ellipsoidal to elongate (2-3.5Â4-8 µm) and occur singly or in pairs (Fig. 3g) . Budding is multilateral. Sediment is formed after 1 month, but a pellicle is not observed. On YM agar after 7 days at 25 C, colonies are white to cream-coloured, butyrous and smooth with an entire margin. In Dalmau plate culture on corn meal agar after 12 days at 25 C, pseudohyphae are present but no true hyphae are observed (Fig. 3h) . No asci or signs of conjugation appear after growth on the most common sporulation media, alone or mixed in pairs, at 17 and 25 C for 4 weeks. See Table 2 for a summary of the physiological characteristics. 
